The improvement of the primary energy structure has been considered as one of the important measures to achieve the carbon emissions reduction targets in China. This current paper constructed a Markov chain model, which was used to forecast the transition of primary energy structure. GM (1, 1) model and a linear regression model were used to predict the total energy consumption in 2020 and 2030. Then, the CO 2 emissions intensity was calculated, and the realization of carbon emissions reduction targets in China was analyzed. The findings indicated that (1) China's nonfossil energy share in primary energy cannot be achieved naturally. (2) Part of the carbon emissions intensity in China's commitments was not binding actually. (3) The realization of the carbon emissions peak and the reduction target of carbon emissions intensity in 2030 would need the policy intervention. In the last part of this paper, policy recommendations on carbon emissions reduction in China were provided.
Introduction
China's primary energy consumption and CO 2 emissions have been widely concerned by the international community. With the rapid development of economy and society, China's primary energy demands grow rapidly. Coal, with high carbon property, dominates in China's energy consumption with a share of 70%. In the decade after 2000, China's coal consumption and CO 2 emissions were increasing at an average annual rate of 9%. China has become the largest coal consumer and CO 2 emitter in the world [1] .
But, China has not always been the world's biggest emitter. From the beginning of the industrial era, the US emitted four times more CO 2 than China on a cumulative basis. For this reason, during climate negotiations, China has always been a fierce advocate of the "common but differentiated responsibilities," which calls for developed countries to take on more ambitious and quantified commitments than developing countries [2] . Today though, this issue is controversial because China's unprecedented economic expansion pushes it out of the "developing country" list. If we consider emissions from 1990 to today, China has almost caught up with the US total.
The rapid increase in primary energy consumption and CO 2 emissions has led to the deterioration in the ecological environment and the people's livelihood in China. The direct reasons for the Chinese authorities to urgently improve the primary energy structure are most likely as follows.
(a) The consideration of energy conservation and energy efficiency: China's energy supply has become one of the strategic issues related to energy security and national security. China's energy consumption was growing at an alarming rate. In 1999, China's total energy consumption was about half of United States' consumption. In 2009, China consumed 2.252 billion Ton Oil Equivalents (TOES), while the United States consumed 2.170 billion TOES. It can be predicted that, with the gradual completion of China's industrialization and urbanization process, the energy demand will increase dramatically. So, the Chinese authorities have to consider energy conservation and energy efficiency in order to achieve sustainable development of economy and society.
(b) The consideration of carbon reduction: the Chinese authorities have promised to reduce carbon emissions intensity and formulated the special national plan, "the national response to climate change rule (2014) (2015) (2016) (2017) (2018) (2019) (2020) ." At the Paris Climate Conference, the Chinese government promised to peak its CO 2 emissions and let CO 2 emissions intensity fall by 60-65% by 2030 from 2005 level [3] . However, special national conditions determine that China's energy supply will rely on coal for a long period of time in the future. So, the situation of carbon emissions for China will still be very grim. Obviously, the improvement of primary energy structure will help to realize the target of China's carbon emissions reduction.
(c) The consideration of ecological protection: for a long time in the past, the Chinese governments at all levels devoted themselves to economic development and did not pay enough attention to ecological protection. Nowadays, China's ecological environment has been deteriorated very seriously. For example, in the winter of 2015, the whole northern China and even most parts of the country experienced severe haze weather. Beijing, the capital of China, issued its highest smog alert of the year. The Air Quality Index (AQI) in Beijing stood at levels "beyond index" just as the governments of more than 190 countries were meeting at the 2015 Paris Climate Conference in an attempt to forge a new global agreement on climate change. Allegedly, the haze was ascribed to emissions from coal combustion. As binding targets, environmental governance objectives have been listed in the 13th Five-Year Plan of China. So, the Chinese government is eager to reduce the proportion of coal to realize the ecological protection target.
(d) The consideration of people's livelihood improvement: application of small coal stove seriously pollutes the indoor living environment in China. Coal combustion emits carbon dioxide, sulfur dioxide, carbon monoxide, and other toxic and harmful gases. People living in this environment extremely likely suffer from respiratory inflammation, chronic bronchitis, bronchial asthma and emphysema, and other diseases. In addition, sulfur dioxide is also an important cause of cardiovascular diseases, such as coronary heart disease, arteriosclerosis, and hypertension. From the perspective of fairness and development results sharing, the Chinese authorities should provide alternative energy sources of coal and improve the living environment for these inhabitants.
In short, considering energy conservation, energy efficiency, carbon emissions reduction, ecological protection, and people's livelihood improvement, the Chinese authorities should take great efforts to improve the primary energy structure.
Distinctly, the Chinese authorities have noticed the seriousness of the problem, urgently prepared to improve the primary energy structure, and made solemn commitments to the whole world. The commitments came in the much awaited Intended Nationally Determined Contribution [17] . However, can these targets really be achieved naturally? How to achieve these targets? These are exactly what we are interested in.
Studies on energy intensity and carbon intensity mostly used the methods of index decomposition analysis (IDA), logarithmic mean Divisia index (LMDI), Kaya, and so forth [5, 11, 18, 19] . These methods are suitable to find out the driving factors of energy intensity and carbon intensity but incapable of reflecting the dynamic changes of various types of energy. The Markov model can well reflect the states of things in the development and will be conducive to studying the transition of the primary energy share. Professor Deng Julong first proposed the GM (1, 1) model and applied it in China's grain yield prediction [20, 21] . The follow-up studies proved that the model has a wide range of applicability [22, 23] . GM (1, 1) model is to establish the grey differential equation by using a small amount of incomplete information to describe the development law of things. Energy system has the characteristics of grey system, so it is suitable to predict the energy consumption with the grey model. This paper will mainly use the Markov model and grey model to study the change of primary energy structure and carbon emission reduction.
The rest of this paper is organized as follows. In Section 2, we present Markov chain model and GM (1, 1) model. In Section 3, we conduct the empirical research and analyze the obtained results. In Section 4, we provide the policy recommendations for carbon emissions reduction. And Section 5 is conclusion.
Methodologies
Markov chain prediction model, GM (1, 1) model, and the simple linear regression model will be used in this study. This part will focus on the modeling processes of the former two models. And the modeling process of the simple linear regression model can refer to the relevant literature [24] .
Markov Chain Model

Markov Chain Prediction
Principle. The Markov chain was proposed by Andre Markov in 1906 and has been widely used in natural science, engineering technology, and public Mathematical Problems in Engineering 3 utility [25] [26] [27] [28] . A Markov chain can be expressed as X = X( ), = 0, 1, 2, . . ., and has the following property:
(1)
For Markov chain {X( ), = 0, 1, 2, . . .}, ( ), which is called one-step transition probability, indicates that it is in state at time and transfers to state at time + 1; that is,
For Markov chain {X( ), = 0, 1, 2, . . .}, ( , ), which is called -step transition probability, indicates that it is in state at time and transfers to state after -step; that is,
The Markov chain {X( ), = 0, 1, 2, . . .} is called homogeneous Markov chain, if its one-step transition probability is independent of state's time; that is,
(4)
For homogeneous Markov chain, set its absolute probability to be ( ), -step transition probability is ( ) , and then the following equations are established:
More generally, it is known by the Chapman-Kolmogorov equation that
These are the theoretical bases of Markov chain prediction.
Constructing Markov Chain
Model. In this part, the Markov chain model will be constructed to predict the transition of primary energy structure. The shares of coal, oil, natural gas, and nonfossil energy (hydroelectric power, nuclear power, and wind power) in the primary energy consumption are recorded as A = [ 1 ( ), 2 ( ), 3 ( ), 4 ( )]. Use P = ( ) 4×4 to indicate the transition probability from class energy to class energy one year later.
≥ 0 and satisfies the following constraints:
The most critical step in using Markov chain is to determine the transition probability matrix P. This paper first established the ordinary least squares regression model of the transition probability and then estimated the transition probability according to the proportions of the four types of energies.
Assume that ( ) represented the probability that variable was in state ( = 1, 2, 3, 4) at time ; then,
According to the basic properties of Markov chain and ∑
=1
= 1, ( = 1, 2, 3, 4) , the following formula was established:
Considering the error variables ( ), the linear regression model of the state transition probability can be obtained:
Let
then, formula (10) can be rewritten as follows:
Two constraint conditions were added into formula (12) , and the constrained ordinary least squares regression model was obtained:
Further, formula (13) can be transformed into the following standard quadratic programming optimization problem:
st. [20, 21, 29, 30] . This paper establishes the grey forecasting model by referring to the literature [20, 21] . Set the original data as follows:
Use 1-AGO algorithm to generate a first-order cumulative generation sequence:
where 1, 2, . . . , . Build a first-order linear differential equation:
By using the least square method, the parameters can be figured out:
where
. . .
Let the parameters of̂and̂return back to the differential equation, and then get the following equation:
Through inverse accumulated generating operation, the following grey prediction model can be got:
wherê( 0) ( ) is the estimated value of (0) ( ). 
Results and Discussions
Data Selections and Preliminary Analysis.
We chose data from the "China Statistical Yearbook," which were released by China's National Bureau of Statistics [31] . Data (from 2003 to 2014) shown in Table 1 include the shares of crude oil, natural gas, coal, and nonfossil energy, as well as the total consumption of each type of energy.
The average shares of crude oil, natural gas, coal, and nonfossil fuels from 2003 to 2014 were 19.2%, 3.8%, 69.4%, and 7.7%, respectively. Figure 1 reflects the gradual increase in the shares of natural gas and nonfossil fuels and gradual decrease in the share of crude oil from 2003 to 2014. Share of coal consumption reaches its peak in 2009 and then gradually reduces. From Figure 1 , we can see directly that the consumption of coal is in the dominant position of the primary energy mix in China.
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Results and Analysis
(a) Analysis of Target 1. By using ordinary least squares method and formula (14) , the transition probabilities between the four kinds of primary energies were calculated as follows: 
After being determined, the state transition matrix P can be used to predict the structures of the primary energy in 2020 and 2030. On the basis of 2014, let A 2014 denote the vector of the primary energy structure in 2014; then we can get the following formula:
Inputting The Chinese government has formulated the nonfossil energy development plan: by 2020 and 2030, the proportions of nonfossil energy will account for 15% and 20% in primary energies consumption, respectively. The forecast results indicate that the proportion of nonfossil energy will reach 13.4% by 2020 and 17.4% by 2030. That is to say, target 1 cannot be achieved, if the current energy consumption pattern is not changed. 
where represents the primary energy consumption and indicates the year to forecast = −326510, = 163.63, 2 = 0.9953, = 5.75 × 10 −13 < 0.05. These two models were used to fit the historical data, and the results were shown in Figure 2 .
From Figure 2 , we can see that the historical data are fitted with a very high accuracy, as confirmed by the correctness and availability of the two models. The prediction results Table 2 .
The average of the predicted values was treated as an acceptable estimate value. So, considering the shares of the four primary energies in 2020 and 2030, the energy consumptions can be worked out. According to the IPCC recommended crude oil emission coefficient (3.096 kgCO 2 /kg), the CO 2 emissions can be calculated in 2020 and 2030, which are 12162.2 Mt and 17865.8 Mt, respectively.
The Chinese authorities' commitment to carbon emissions reduction was to achieve the peak of 12 billion tons of carbon emissions by 2030. However, the calculation results show that if the current development trend does not change, then China's carbon emissions will outnumber 12 billion tons before 2020 and will continue to increase. Clearly, China cannot achieve the promised targets.
(c) Analysis of Target 3. According to the data released by China's National Bureau of Statistics, China's energy consumption per 10 thousand yuan is 1.276 tons of standard coal in 2005 [31] . According to IPCC's proposed carbon emissions coefficient (2.46 kgCO 2 /kg standard coal), we can calculate that the coefficient of carbon emissions intensity in 2005 is 3.14. In addition, China's GDP in 2015 is 67.6708 trillion yuans. According to the concepts of carbon intensity and carbon emissions reduction, the following formula can be got: 
Parameters Description
As known, 2005 = 3.14, let = 0, and then = 0.428. This means that, with the current carbon emissions trend, even if the average annual growth rate of GDP from 2015 to 2020 is equal to zero, carbon emissions intensity in 2020 can still be reduced by 42.8% compared with the 2005 level. Even to achieve the upper limit of 45%, the average annual growth rate of GDP from 2015 to 2020 is only about 0.8%. Similarly, let = 65%; then = 6.02%. This shows that if the target of reducing carbon emissions by 65% is achieved, the average annual growth rate of GDP from 2015 to 2030 must reach 6.02%.
Through the above analysis, we can know that the target to reduce carbon emissions by 40-45% in 2020 compared with the 2005 level can be easily reached, almost without any effort. Related studies have also drawn similar conclusions [4, 17] . However, the target of 65% carbon emissions reduction in 2030 compared with the 2005 level requires a comprehensive plan to achieve. In summary, target 3 has partial constraint.
Policy Recommendations
Some new ideas, which guide China's development, were put forward in the 13th Five-Year Plan, such as promoting the energy revolution, changing the patterns of energy production and utilization, optimizing the energy supply structure, improving energy efficiency, and constructing clean and lowcarbon energy system [32] . "Energy Development Strategic Action Plan (2014-2020)," issued by China's State Council in 2014, required to speed up the construction of clean, efficient, safe, and sustainable energy system [33] . Moreover, "Paris Agreement" officially entered into force in November 4, 2016, and the Chinese government's emission reduction responsibility would be subject to legal constraints. In view of the high carbon energy structure, China's State Council has announced that the national carbon emissions trading market will be started in 2017, in order to control the total amount of coal consumption.
Meanwhile, from the above analysis, we can know that the significant characteristics of China's energy structure are as follows. (1) Coal has a dominant position. Coal consumption accounts for about 60% of the total energy consumption, and CO 2 emissions related to coal combustion account for the vast majority in the total emissions. (2) The proportion of nonfossil energy is low. The conclusion can be drawn from the calculation results that the preset targets of 15% and 20% cannot be achieved by 2020 and 2030 without human intervention. (3) The energy efficiency is relatively low. Energy efficiencies in many sectors are generally lower and energy intensities are generally higher than that of developed countries. (4) Science and technology innovation in carbon emission reduction should be strengthened. Although China has made considerable progress in science and technology, but, in terms of carbon emission reduction science and technology, there is still a great room to improve.
In order to achieve the emission reduction targets, China must improve the primary energy structure and must take the road of low-carbon energy. Therefore, combined with China's national conditions, this paper puts forward the following energy policy recommendations.
Controlling Coal Demands Moderately.
The characteristics of energy resources in China determine the long-term energy production and consumption based on coal. In the thermal power industry, the carbon emissions from coal combustion are more 23-31% and 70-80% than that of the combustion of the same calorific value of oil and natural gas. The higher the proportion of coal in primary energy structure, the greater the amount of CO 2 emissions in the energy activities. Therefore, controlling coal demand and reducing the proportion of coal are of special significance for China to improve the primary energy structure.
Developing Nonfossil Energies.
The low-carbon energies need to strive to develop in China, including natural gas, hydropower, nuclear power, and nonhydropower renewable energies.
(a) Natural Gas. Natural gas is one of fossil fuels, with less pollutant emissions compared with coal. In the medium-long term, natural gas will be the fastest growing energy in China's energy structure and it becomes an important force in the development of China's low-carbon energies. Unfortunately, China lacks natural gas. Therefore, China should strengthen international cooperation in the energy field and look to Africa, Russia, Central Asia, and even Canada as possible alternative sources of its gas imports.
(b) Hydropower. Hydropower belongs to nonfossil energy, and it is technically matured and suitable for large-scale development in China. In order to achieve the share of 15% for nonfossil energy in primary energy, hydropower installed capacity should reach 340 million kW by 2020.
(c) Nuclear Power. Compared with traditional fossil fuels, nuclear power is a kind of clean energy, without greenhouse gas emissions in its power generation process. Affected by the Fukushima nuclear accident in Japan, China once slowed down the development of nuclear power. In fact, nuclear power in China should be developed vigorously and constitute a "troika" with natural gas and hydropower together to promote the development of China's low-carbon energy.
(d) Nonhydropower Renewable Energies. In the medium-long term, renewable energies such as wind energy, solar energy, and biomass energy are important measures to improve the energy structure and reduce the environmental pollution. China should gradually improve the energy law and policies system and create a favorable environment for the development of low-carbon energies.
Improving Energy Efficiency.
Energy efficiency improvement is still an important measure for carbon reduction in China. China should establish the long-term mechanism of energy-saving and further eliminate outdated production capacity in high energy consuming industries; at the same time, China should optimize the industrial structure and improve the technology to promote energy efficiency, especially in the transportation, construction industry, power industry, and so on.
Enhancing the Ability of Innovation.
Currently, the world's leading energy research institutions, including the IEA, have agreed to carbon capture and storage (CCS) technology as the main technical means of future carbon emissions reduction. At present, reasons that China's CCS technology is difficult to apply are the high energy consumption and high cost. China should attach great importance to the development of CCS technology, strengthen international cooperation, continuously track the latest progress of CCS technology, and let CCS be more widely used as early as possible.
Conclusions
Today, carbon emission reduction has become a realistic problem that must be faced seriously for China. It has become an urgent task for the Chinese government to improve primary energy structure and develop low-carbon energy. This paper constructed the Markov chain model and used it to predict the primary energy shares in 2020 and 2030 and accordingly determined that the nonfossil energy development target which Chinese authorities proposed cannot be achieved without extra effort. This paper built the GM (1, 1) model and simple linear regression model, used them to predict energy consumption in 2020 and 2030, calculated the amount of energy carbon emissions in China, and determined that the carbon peak objective which Chinese authorities set cannot be achieved naturally. This paper estimated the carbon emission intensities of China in 2020 and 2030 and drew the conclusion that the carbon emission intensity target proposed by the Chinese government had only partial constraint. Considering China's current national conditions, this paper put forward that the key measures to achieve China's carbon emissions reduction were to control coal demand, develop low-carbon energy, improve energy efficiency, and enhance the ability of innovation in carbon emission reduction field.
